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(54) Ophtliaimic apparatus 

(57) An ophthalmic apparatus having measurement 
device (4) for inspection or measurement, and bringing 
the measurement device (4) into the predetermined po- 
sitional relationships relative to an eye to be examined, 
the ophthalmic apparatus providing a moving device 
(74-76) for moving the measurement device (4) relative- 
ly to the eye to be examined, an alignment target pro- 
jecting optical system (7) for projecting plural alignment 
targets (12-15) onto the periphery of cornea of the eye to 
be examined, an alignment target detecting optical sys- 
tem (10) for detecting target images (120-150) which are 
formed by projecting the alignment targets (i2-l5), a 
judging device for judging the alignment condition in ver- 
tical and lateral direction based on the number and po- 
sitional relationships of target images which are detect- 
ed, and an Instruction device (5,70) for Instructing the 
moving device (74-76) to move based on the result 
judged by the judging device. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ophthalmic ap- 
paratus and more particularly, relates to the ophthalmic 
apparatus for bringing the apparatus into the predeter- 
mined positional relationships relative to an eye to be 
examined. 

2. Description of Related Art 

An eye refractive power measurement apparatus 
for measuring refractive power of the eye to be exam- 
ined, a noncontact tonometer for measuring an intraoc- 
ular pressure and so on need an alignment adjustment 
in order to bring the measurement optical system into 
the predetermined positional relationships relative to an 
eye to be examined. 

As alignment mechanism for such kinds of appara- 
tus, such alignment mechanism is known that an align- 
ment target is projected from an optical axis of an eye 
to be examined, then a reflecting luminance close to a 
cornea vertex which Is formed by a cornea reflection is 
photographed by TV camera in order to display it onto 
TV monitor for use in observation. An examiner per- 
forms an alignment adjustment of vertical and horizontal 
directions so that the reflecting luminance of the cornea 
may come to be the predetermined positional relation- 
ships relative to a reticle. Also, the examiner performs 
the alignment adjustment of working distance (fonward 
and backward) directions by bringing the reflecting lu- 
minance of the cornea into focus. 

SUMMARY OF THE INVENTION 

However, referring to such alignment method as de- 
scribed above, the cornea vertex is defined as a stand- 
ard, therefore if the cornea vertex is out from the photo- 
graphing screen, then the luminance cannot be ob- 
served and detected, so it Is mentioned that the detect- 
ing range of alignment is not necessarily wide. In the 
case that the luminance cannot be observed on the TV 
monitor for use in obsen/ation, the apparatus is moved 
on the basis of an anterior image of the eye to be exam- 
ined and so on in order to make the luminance be ob- 
served, however an unskilled-examiner having difficulty 
in inspection does not recognize clearly which direction 
the apparatus should be moved, therefore it results in 
such disadvantages that it takes much time to perform 
an alignment. 

Further, in the case of an alignment device which 
controls a driving means based on a detected Informa- 
tion of a luminance of a cornea vertex, there is such dis- 
advantage that if the luminance of the cornea vertex 
cannot be detected, then the driving means cannot be 



driven. 

The present lnventk>n has been made in view of the 
above circumstances and has an object to overcome the 
above problems and to provide an ophthalmic appara- 
tus which may perform an alignment easily 

Additional objects and advantages of the invention 
will be set forth in part in the descriptbn which follows 
and in part will be obvious from the description, or may 
be learned by practice of the Invention. The objects and 
advantages of the Invention may be realized and at- 
tained by means of the instrumentalities and combina- 
tions particularly pointed out in the appended claims. 

To achieve the objects and in accordance with the 
purpose of the present invention, as embodied and 
broadly described herein, an ophthalmic apparatus hav- 
ing measurement means for Inspection or measure- 
ment, and bringing the measurement means into the 
predetermined positional relationships relative to an eye 
to be examined of this invention comprises moving 
means for moving the measurement means relatively to 
the eye to be examined, alignment target projecting op- 
tical system for projecting plural alignment targets onto 
the periphery of comea of the eye to be examined, align- 
ment target detecting optical system for detecting target 
images which are formed by projecting the alignment 
target, judging means for judging the alignment condi- 
tion in vertical and lateral direction based on the number 
and positional relationships of target images which are 
detected, instruction means for instructing the moving 
means to move based on the result judged by the judg- 
ing means. 

In another aspect of the present invention, the ap- 
paratus comprises moving means for moving measure- 
ment part relatively to the eye to be examined, first align- 
ment target projecting optical system for projecting the 
first alignment target to the cornea center of the eye to 
be examined, second alignment target projecting optical 
system for projecting the plural targets to the periphery 
of cornea of the eye to be examined, alignment target 
detecting optical system for detecting target Images 
which are formed by projecting targets by the first and 
second alignment target projecting optical systems, 
judging means for judging the alignment condition in 
vertical and lateral direction based on the number and 
relationships of target images detected by the alignment 
target detecting optical system, and instruction means 
for Instructing the moving means to move based on the 
result judged by the judging means. 

According to the present inventron, it is capable of 
making the detecting range wide by projecting the plural 
targets onto the comea, therefore the alignment comes 
to be easier. 

Also, a highly-reliable measurement result can be 
obtained without performing an useless rtieasurement 
due to an eye-fixation deviation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of this specification, illustrate 
embodiments of the present invention and, together with 
the description, serve to explain the objects, advantages 
and principles of the invention. In the drawings, 

Fig. 1 is an oven/iew showing a schematic configu- 
ration of a noncontact tonometer of a preferred em- 
bodiment; 

Fig. 2 is a view showing a configuration of an im- 
portant part of an alignment optical system of a non- 
contact tonometer of a preferred embodiment; 
Fig. 3 is a view showing a block diagram for a control 
system of an important part of a noncontact tonom- 
eter of a preferred embodiment; 
Fig. 4 is a view showing an example of a screen 
which is displayed at the TV monitor at the time 
when the eye to be examined is aligned appropri- 
ately; 

Fig. 5 is a view showing the positional relationships 
between five target images which are defined as 
standards in the case of judging the alignment con- 
dition; 

Figs. 6(a) - 6(e) are views showing the positional 
relationships in the case that three target images 
are detected; 

Figs. 7(a) - 7(d) are views showing the positional 
relationships in the case that four or five target im- 
ages are detected; 

Fig. 8 is a flowchart for describing a routine proce- 
dure of an alignment operation after the target im- 
ages are detected; 

Figs. 9(a) and 9(b) are views showing a level of re- 
flecting light volume in XY-axis directions of the eye 
to be examined; 

Figs. 1 0A(a) and 1 0A(b) are views showing the first 
combination to specify one target image In the case 
that two target images are detected; 
Figs. 1 0B(a) and 1 0B(b) are views showing the sec- 
ond combination to specify one target image in the 
case that two target images are detected; 
Figs. 10C(a) and 10C(b) are views showing the third 
combination to specify one target image in the case 
that two target images are detected; 
Figs. 10D(a) and 10D(b) are views showing the 
fourth combination to specify one target image in 
the case that two target Images are detected; 
Figs. 1 0E(a) and 1 0E(b) are views showing the fifth 
combination to specify one target Image In the case 
that two target images are detected; 
Fig. 11 Is a flowchart for describing a routine proce- 
dure of alignment operation of the third preferred 
embodiment; and 

Fig. 1 2 is a view showing an example of the judging 
area to judge the alignment of XY directbns based 
on the distribution of light volume. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A detailed description of one preferred embodiment 
5 of an ophthalmic apparatus embodying the present in- 
vention will now be given referring to the accompanying 
drawings. 

Fig. 1 shows the schematic overview of the noncon- 
tact tonometer of an preferred embodiment. Reference 

10 numeral 1 denotes a base to which a jaw stand 2 is fixed 
for fixing an eye to be examined. 3 is a body part, 4 is a 
measurement part which stores the optical system men- 
tioned-below, and 5 is a joystick which is used in order 
to move the body part 3 and the measurement part 4. 

IS The body part 3 moves smoothly along a horizontal 
plane of the base 1 in forward and backward direction 
(Z-direction) and in right and left direction (X-directlon) 
by operating the joystick 5, and the measurement part 
4 moves in vertical direction (Y-direction) relative to the 

20 body part 3 by operating the joystick 5. 

Concerning the movement of the body part 3 rela- 
tive to the base 1 . a fine movement thereof in horizontal 
direction is realized due to the construction of a spheri- 
cal part and a lower edge which are formed at a lower 

25 place of the shaft of the joystick 5, a sliding plate of which 
a lower edge swings, a frbtion plate which touches the 
sliding plate and is attached to the base 1 , and a spher- 
ical bearing inside a housing 3a which is united with the 
body part 3 in a body. The rotating direction and the 

30 amount of rotation are detected based on a signal trans- 
mitted from a light-receiving element that are caused by 
a rotation knob 5a around the outer circumference of the 
joystick 5, a slit plate which rotates with the rotation knob 
5a, and a light source and a light-receiving element dis- 

35 posed at the shaft putting the slit plate therebetween, 
then on the basis of the detected result, the upper and 
lower movement of the measurement part 4 relative to 
the body part 3 is performed by driving and controlling 
the Y-axis motor which moves the measurement part 4 

40 in vertical direction. A detailed description for these 
mechanisms concerning the joystick is disclosed In Jap- 
anese Patent Publication No.HEI6(1994)-7292 corre- 
sponding to U.S. Patent 5,406,076 (title of the 
invention : Joystick mechanism for ophthalmic appara- 

45 tus) by the applicant of the present invention, so see this 
reference. 

Also, the measurement part 4 moves relative to the 
body part 3 in right and left direction (X-direction) and in 
fonward and backward direction (Z-direction). These 

so movements are caused by a X-axIs motor and a Z-axis 
motor which are driven and controlled by a control circuit 
mentioned-below. 

6 is a nozzle part at which a nozzle for gushing com- 
pressed-gas out to the eye to be examined is disposed. 

55 On the examinee side of the measurement part 4, the 
four light sources 7a to 7d (corresponding to a light 
source of the second alignment target projecting optical 
system mentioned-below) which project the alignment 
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targets at periphery of the cornea of the eye to be ex- 
amined as centering the nozzle part 6 are disposed. On 
the side part of the body part 3. a knob 8 is disposed in 
order to restrict the moving limits toward the eye to be 
examined for the nozzle part 6. Also, the TV monitor for 
use in observation is provided for the joystick 5 side (the 
examiner side) of the body part 3. 

[Optical system] 

Fig. 2 shows an important part of a configuratkwi of 
the alignment optical system of the apparatus, and is 
from a top point of view. Besides, the noncontact tonom- 
eter measures interocular pressure based on the gas 
pressure which is detected directly or indirectly by gush- 
ing the compressed-gas out to the cornea of the eye to 
be examined to modify it to be the predetermined shape, 
however this measurement device has little relation- 
ships with the present invention, therefore the descrip- 
tion is omitted. A detailed description is disclosed in Jap- 
anese Patent Publication No.HEI4(1 g92)-297226 corre- 
sponding to U S. Patent 5,279,300 (title of the 
invention : Noncontact type tonometer) by the applicant 
of the present invention, so see this reference. 

(Obsen/ation optical system) 

1 0 Is an observation optical system of whteh the op- 
tical axis Is denoted by . The obsen/ation optical sys- 
tem 10 also serves as a target detecting optical system 
which detects the targets (mention ed-be low) for use in 
the first and second alignment in vertical and horizontal 
direction. On the optical path of the obsen/ation optical 
system 10, the nozzle 9 which gushes gas for use in 
modifying the cornea out is disposed with being held by 
glass plates 8a and 8b. and the axis thereof and the op- 
tical axis Li coincide. On the optical axis L^, a beam 
^ splitter 11, an objective lens 12, a beam splitter 14, a 
filter 15. and a CCD camera 16 are disposed. The filter 
1 5 has such characteristics that it transmits light bundles 
(wavelength 950 nm) of the first and second alignment 
target optical system (mentioned-below) and light bun- 
dle (wavelength 950 nm) of a reticle projecting optical 
system (mentioned-below), and that it is does not trans- 
mits light bundle of the visible light and light bundle 
(wavelength 800 nm) of a distance target projecting op- 
tical system (mentioned-below) while prohibiting the un- 
necessary noise light from transmitting Into the CCD 
camera 16. The anterior image and the target image 
photographed by the CCD camera 16 are displayed on- 
to a TV monitor 17, and the examiner obsen/es the im- 



(Retlcle projecting optical system) 

20 denotes a reticle projecting optical system. 21 is 
a reticle projecting light source which emits the Infrared 
light having wavelength of 950 nm. 22 is a reticle plate 



on which a circle-shaped mark is formed, and 23 is a 
projecting lens. The reticle on the reticle plate 22 which 
is illuminated by the reticle projecting light source 21 is 
photographed by the CCD camera 16 through the pro- 
5 jecting lens 23, the beam splitter 1 4 and the filter 1 5. 

Besides, light bundle emitted from the reticle pro- 
jecting light source 21 of which output is modulated at 
the predetermined frequency in order to make detection 
of target images easy, thereby light bundle from the ret- 
to icie projecting light source 21 is distinguished from light 
bundles emitted from the light sources 7a to 7d and light 
bundle emitted from the light source 31 . Also, it is suffi- 
cient that the reticle image is obsen/ed on the TV mon- 
itor, therefore it may be distinguished based on the dif- 
is ference of luminance of target image by darkening, or it 
may be generated by a pattern generator electrically 
(Eye fixation optical system) An eye-fixation optrcal sys- 
tem 25 includes a light source 26 which emitts visible 
light, an eye-fixation plate 27 and a projecting lens 28. 
20 Light bundle emerged from the eye-fixation plate 27 by 
turning on the light source 26 transmits into the eye E 
to be examined through the nozzle 9, via the projecting 
lens 28, the beam splitter 14, the objective lens 12, and 
the beamsplitter 11. 

25 

(The first alignment target projecting optical system) 

30 denotes the first alignment target projecting op- 
tical system. 31 is a central target-projecting light 

30 source, and 32 Is a projecting lens. The light source 31 
emitts infrared light having wavelength of 950 nm. Infra- 
red light bundle emitted from the light source 31 is made 
to be parallel light bundle by the projecting lens 32, and 
then is reflected by the beam splitter 11 , and is Irradiated 

35 to the cornea Ec of the eye to be examined through the 
nozzle 9 along the optical axis . Light bundle which is 
mirrored and reflected by the cornea Ec forms the first 
alignment target 1-, which Is a virtual image of the light 
source 31 . Light bundle of the first alignment target i^ 

40 forms the image of the first alignment target 1^ on the 
photographing element of the CCD camera 16. 

(The second alignment target projecting optical system) 

45 The second alignment target projecting optical sys- 
tem 7 includes four light sources 7a to 7d (see Fig. 1). 
The light sources 7a and 7b are disposed to be the same 
height with putting the optical axis L^ therebetween 
whereby the optical distance of the targets are made to 

50 be the same, and the light sources 7c and 7d are dis- 
posed as the same. The light sources 7a to 7d emit in- 
frared light having wavelength of 950 nm same as the 
light source of the first alignment target projecting opti- 
cal system. Lights transmitted from the light sources 7a 

55 and 7b are Irradiated from oblique-upper direction to the 
periphery of cornea of the eye E to be examined to fonn 
the target i2 and (3 which are virtual images of the light 
sources 7a and 7b. The light sources 7a and 7b are also 
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used for detecting the opening-condition of eyelid (men- 
tioned-below). Lights transnnitted from the light sources 
7c and 7d are irradiated from oblique-lower direction to 
the periphery of comea of the eye E to be examined to 
form the target I4 and 15 which are virtual Images of the s 
light sources 7c and 7d. The light sources 7a to 7d are 
also used as illumination light sources which illuminate 
the anterior part of the eye to be examined. 

Light bundles of four targets \2, 13, 14. and Is transmit 
Into the CCD camera 1 6 through the obsen^atlon optical 10 
system 10 to form the image on the photographing ele- 
ment of the CCD camera 16. 

(The distance target projecting optical system) 

75 

50 is a distance target projecting optical system of 
which optical axis is denoted by l-g. The optical axis 
is arranged so as to incline to the optical axis , and 
both optical axes are intersecting at the position at in- 
terval of the predetermined working distance from the 20 
nozzle 9. 51 is a light source for projecting distance tar- 
get, which emits light having wavelength of 800 nm dif- 
fered from the light sources 7a to 7d and the light source 
31 , and 52 Is a projecting lens. 

Light emitted from the light source 51 is made to be 2S 
parallel light bundle by the projecting lens 52, and is Ir- 
radiated onto the comea Ec along the optical axis L2. 
Light bundle mirrored-and-reflected by the comea Ec 
forms a target ig which is a virtual image of the light 
source 51 . ^ 

(The distance target detecting optical system) 

60 Is a distance target detecting optical system of 
which the optical axis is denoted by L3. The optical axis 3S 
L3 and the optical axis Lg are symmetry with respect to 
the optical axis L^ , and both optical axes intersect on 
the optical axis L^ . On the optical axis L3, a photo re- 
ceiving lens 61. a filter 62 and an one-dimensional de- 
tecting element 63 are disposed. The filter 62 has such 40 
characteristics that It transmits through light bundle hav- 
ing wavelength of 800 nm from the light source 51 , but 
does not transmits through light having wavelength 950 
nm from the light sources 7a to 7d and the light source 
31, and prohibits noise light from transmitting Into the 4S 
one-dimensional detecting element 63. 

[The control system] 

Fig. 3 is a block diagram for a control system of an so 
important part of the apparatus. 70 is a control circuit. 
71 is an image processing circuit, and 72 is a target- 
distance detecting circuit. 74 to 76 are a X-axis motor, 
a Y-axis motor and a Z-axis motor, respectively, which 
make the measurement part 4 drive relative to the body ss 
part 3. and 77 to 79 are driving circuits for respective 
motors, respectively. 80 is a measuring system. 81 is a 
display circuit which generates character information 



and figures or the like, and 82 is a synthetic circuit. 83 
Is an alignment-mode changing switch by which either 
an auto alignment performed by the apparatus based 
on the target detection or an operation only by the joy- 
stick 5 operated by the examiner is selected. 84 is a 
measurement switch for use in inputting measurement 
starting signal. 

The image processing circuit 71 gives an image 
processing to the photographed image transmitted from 
the CCD camera 16. and inputs the processing result to 
the control circuit 70. The control circuit 70 obtains the 
positional information of pupil and targets. 

Also, the control circuit 70 obtains the deviation in- 
formation of forward and backward direction relative to 
the eye E to be examined based on the signal transmit- 
ted from the one-dimensional detecting element 63 
through the target-distance detecting circuit 72. The de- 
viation Infonnatlon obtained by the control circuit 70 is 
sent to the display circuit 81 , then the display circuit 81 
causes the figure signal of the distance mark and the 
positional signal on the TV monitor to generate based 
on the deviation information. The output signal transmit- 
ted from the display circuit 81 is synthesized with the 
screen Image signal from the CCD camera 16, then is ^ 
outputted on the TV monitor 17. 

Fig. 4 Is a view showing an example of a screen 
which Is displayed at the TV monitor at the time when 
the XY-direction Is aligned appropriate. Under the con- 
dition that the XY-direction is aligned appropriate, the 
four target images 120, i^q, 140 and I50 which are formed 
at the periphery of cornea by the second alignment tar- 
get projecting optical system and the target image I^q 
which Is formed close to the cornea center by the first 
alignment target projecting optical system are dis- 
played. 41 denotes the reticle image. 42 denotes the dis- 
tance mark which moves vertically on the reticle image 
41 corresponding to the distance between the comea of 
the eye to be examined and the nozzle part 6, then once 
the cornea is at the appropriate working distance, the 
distance mark 42 Is superposed on the reticle Image 41 . 

Next, on the basis of the detecting result of the first 
and second alignment targets, judging method of the 
alignment condition in order to control the movement of 
the measurement part 4 In the XY-directlon will be de- 
scribed. 

First of all, the positional relationships between five 
target Images which are defined as standards upon 
judging the alignment condition will be described refer- 
ring to Fig. 5. The target images '\2o and I30 are defined 
as that they are both separated approximately width a 
to upper direction along the Y-axis direction relative to 
the target image i^o which is aligned to be appropriate 
condition, and that they are both separated approxi- 
mately width b to both sides along the X-axIs direction 
relative to the same. The target images I40 and I50 are 
defined as that they are both separated approximately 
width a to bwer direction along the Y-axis direction rel- 
ative to the targets Image I^q which is aligned to be ap- 
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propriate condition, and that they are both separated ap- 
proximately width c to both sides along the X-axis direc- 
tion relative to the same. These positional relationships 
and intervals vary to some extent corresponding to the 
comea shape and the relative position of the apparatus 
relative to the eye to be examined, however do not vary 
in a large scale, therefore these positional relationships 
and intervals are defined as the judgement standards to 
specify that which target is detected based on the 
number and position of the targets. Besides, a, b and c 
are intervals of the coordinate, which are used for con- 
venience in this description and have no particular 
sense. 

Next, the guidance of the measurement part 4 
based on the number and positional relationships of the 
detected target will be described. Besides, the turn of 
the target which is used for the description is decided 
from upper side to lower side of the screen in turn, and 
concerning the same height, the left one is taken priority. 

<ln the case that the target image is one from among 
five all> 

It cannot be specified that which target causes the 
target image, therefore the control circuit 70 obtains the 
XY coordinates of the detected target and makes the 
measurement part 4 move by driving the X-axis motor 
74 and the Y-axis motor 75 so that the target image may 
move to the standard position (the optical axis of the 
observation optical system). However, in this case, the 
purpose is to detect the other target image, therefore 
once the number of target images which are detected 
has been increased, the alignment is performed accord- 
ing to the f olbwing requirements. 

<ln the case that the target images are two from among 
five all> 

In the case that the target images are two, it cannot 
be also specified that which target causes the target im- 
ages, therefore the control circuit 70 obtains the XY co- 
ordinates of the two target Images, then controls and 
makes the measurement part 4 move toward the direc- 
tion where the other target images can be detected. 

<ln the case that the target images are three from 
among five all> 

Once the target images are detected not less than 
three, it comes to be specified that which target among 
the target innages i^o 'so causes the target images ac- 
cording to the relationships thereof. The control circuit 
70 obtains respectively the XY coordinates (X1 , Y1) of 
the first target image, the XY coordinates (X2, Y2) of the 
second target image, and the XY coordinates (X3, Y3) 
of the third target image, thereby the control circuit 70 
makes the measurement part 4 move. Besides, the ref- 
erence numerals shown in Fig. 6, attached to the right- 



upper position of respective target images In conven- 
ience mean the tum of the target images. 

[A] In the case that the difference of the Y coordi- 
5 nates between the first target image and the second 

target image is approximately 2a : There are two 
cases shown in Fig. 6(a). These cases are under 
the condition that the target image i^o is not detect- 
ed, however, the control circuit 70 causes the meas- 
10 urement part 4 to move with assuming the cornea 
center is at the XY coordinates ((X2 -i- X3)/2. (Yl + 
Y2)/2). 

[B] In the case that the difference of the Y coordi- 
nates between the first target image and the second 

IS target image is approximately a and that the Y co- 
ordinates of the second target image and the Y co- 
ordinates of the third target inrrage are approximate- 
ly the same : This is shown in Fig. 6(b). The first one 
is specified as the target image i^o. whereby the 

20 measurement part 4 Is made to move. 

[C] In the case that the Y coordinates of the first tar- 
get image and the Y coordinates of the second tar- 
get image are approximately the same and that the 
difference of the Y coordinates between the second 

25 target image and the third target image is approxi- 
mately 2a : There are two cases shown in Fig. 6(c). 
As the same with Fig. 6(a), the target image i^o 's 
not detected, however, the measurement part 4 is 
made to move with assuming the comea center is 
30 at the XY coordinates ((XI + X2)/2, (Yl + Y3)/2). 

[D] In the case that the difference of the Y coordi- 
nates between the second target Image and the 
third target image is approximately a and that the Y 
coordinates of the first target Image and the Y co- 

35 ordinates of the second target image are approxi- 
mately the same : This is shown in Fig. 6(d). The 
third one is specified as the target image iio, where- 
by the measurement part 4 is controlled and is 
made to move. 

40 [E] In the case that above requirements are not 
satisfied : There are four cases shown in Fig. 6(e). 
In this case, the second one is specified as the tar- 
get image \^q, whereby the measurement part 4 is 
made to move. 

45 

<ln the case that the target image are four from among 
five all> 

The control circuit 70 obtains the XY coordinates of 
50 respective target images, and makes the measurement 
part 4 move. In the Fig. 7, reference numerals are at- 
tached in order to distinguish respective target images. 

[A] In the case that the Y coordinates of the first tar- 
55 get image and the Y coordinates of second target 
image are not approximately the same : There are 
two cases shown in Fig. 7(a). The second one is 
specified as the target image i^o> whereby the 
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measurement part 4 is made to move. 

[B] In the case that the Y coordinates of the third 
target image and the Y coordinates of the fourth tar- 
get image are not approximately the same : There 
are two cases shown in Fig. 7(b). The third one is 
specified as the target image i^Q, whereby the 
measurement part 4 is made to move. 

[C] In the case of exclusive above-mentioned A and 
B : The case is shown in Fig. 7(c). In this case, only 
target image o is not detected, therefore the meas- 
urement part 4 is nnade to move with assuming that 
the cornea vertex is at the midpoint of the four target 
images, for example. ((XI + X2)/2. (Y1 + Y3)/2). 

<ln the case that the target images are five from among 
five all> 

All target images are detected, therefore the target 
image i^o can be specified, whereby the measurement 
part 4 is made to move. 

Concerning the guidance method of the measure- 
ment part 4 based on the number and position of the 
detected target images, as described above, in the case 
that the target image i^o is detected and specified, it is 
assumed as a standard in any cases, and in the case 
that the target image I-iq is not detected and not speci- 
fied, the coordinates of other target images are as- 
sumed as a standard, whereby the movement is per- 
formed. Also, conceming the final judgement of align- 
ment condition of XY-dlrection, if the target Image i^o 
vyhlch is detected and specified is within the predeter- 
mined permissible limits, it is judged that the alignment 
has been completed, while all of the five target images 
are not detected. Besides, the apparatus has the first 
permissible limits forjudging whether the alignment con- 
dition of XY-direction has been completed, and the sec- 
ond permissible limits for making the difference to the 
moving velocity of the measurement part 4 In XY-direc- 
tion which is set wider than the first permissible limits. 
The control circuit 70 judges whether the target image 
1^0 which is detected or specified is within the second 
permissible limits or not, in the case out of the limits, the 
control circuit 70 makes the measurement part 4 move 
with comparatively high velocity. Thereby the alignment 
before fine-adjustment can be made quickly. 

'The operation of the noncontact tonometer having 
such architecture as described above will be described 
below. The description is made with making the align- 
ment movement at the time when the auto alignment is 
selected as the point of the following description. 

The examiner fixes the eye to be examined by using 
the jaw stand 2 and makes the eye to be examined see 
the fixation target. After the preparation for measure- 
ment, the examiner operates the joystick 5 and the like 
with observing the TV monitor 17, and aligns the meas- 
urement part 4 roughly with respect to the eye to be ex- 
amined. The rough alignment is performed so that at 
least one target image which is formed by the first and 



the second alignment target projecting optical system 
may displayed on the TV monitor 17. 

Once the target image is detected, the operation for 
the joystick 5 is stopped (the message for instructing 
s stop may be displayed, or means for restricting the mo- 
tion of the joystick 5 may be acted, if necessary). 

The alignment movement after that will be de- 
scribed referring to the flowchart shown in Fig. 8. The 
control circuit 70 makes the measurement part 4 move 
10 by driving the X-axis motor 74 and the Y-axis motor 75 
based on the number and positional relationships of 
above-mentk^ned target images so that the target innage 
iio may enter the second permissible limits. On the 
screen of the TV monitor 17, the target image iio comes 
15 to enter into the reticle image 41 . 

Once the target image i^o enters into the second 
permissible limits, the control circuit 70 stops driving in 
XY-direction and judges the suitability of the working dis- 
tance. The light bundle of the target ig by the distance 
target projecting optical system comes to transmit into 
the one-dimensional detecting element 63, and then the 
control circuit 70 obtains the deviation infomiation of Z- 
directton based on the signals transmitted from the one- 
dimensional detecting element 63 and makes the meas- 
urement part 4 move backward and f onward direction 
based on the deviation information by driving the 2-axis 
motor 76. Also, a distance mark 42 is displayed on the 
TV monitor 17 which moves simultaneously up and 
down over the reticle Image 41 as the measurement part 

4 nrioves fonn/ard and backward direction (in the case 
that the distance mark 42 is not displayed, the joystick 

5 comes to be able to use, then the examiner performs 
the forward and backward adjustment so as to be in the 
direction where the target image i-io Is brought into fo- 
cus). 

Once the Z-direction comes to be appropriate con- 
dition, the control circuit 70 stops the movement of the 
measurement part 4 in forward and backward direction, 
and judges whether the target image I^q within the first 
permissible limits or not. In the case out of the limits, the 
measurement part 4 is made to move during the prede- 
termined time to perform fine-adjustment so that the tar- 
get image i-,o may enter, into the first permissible limits. 
The movement velocity is slower than above-mentioned 
movement of XY-dlrection (In the case of bringing into 
the second permissible limits). Thereby the fine-align- 
ment of XY-direction can be performed easily with keep- 
ing the condition that the target image i^o does not pass 
through the first permissible limits. 

Once the target image I^q enters into the first per- 
missible limits whereby the alignment condition of XY- 
direction comes to be appropriate, the suitability judge- 
ment for condition of eyelid-opening is performed. This 
judgement is performed under the condition that at least 
the target image or '30 detected within the prede- 
termined area, then is performed by judging whether the 
light volume output level thereof Is not less than the pre- 
determined value or not. Unless the condition of eyelid- 
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opening is not sufficient, light bundles emitted from the 
light sources 7a and 7b form no images, and are reflect- 
ed and diffused, therefore the light bundle of target 12 or 
13 enters with spreading on the photographing element 
of the CCD camera 1 6. Therefore the condition of eyelid- 
opening can be detected based on whether the light vol- 
ume output within the predetermined area is not less 
than the predetemiined level or not. The detection of the 
condition of eyelid-opening is the same basically as the 
Japanese Patent Application No.HEI7-337909 corre- 
sponding to U.S. Patent application Serial No. 
08/755.646 by the applicant of the present invention, so 
see this reference. 

If no problems are found in the condition of the eye- 
lid-opening, the suitability judgement for eye-fixation de- 
viation is performed as following. The control circuit 70 
fetches the signal on the line A-A of X-axis direction and 
the line B-Bof Y-axis direction passing the target i^^f rom 
the photographing signals transmitted from the CCD 
camera 16 as shown in Fig. 9(a). Since the respective 
reflective light volume levels of target image i^o« P^- 
pll, the iris, and the sclera are different, the boundary 
edge of the pupil (or the iris) is detected by the image 
processing. The control circuit 70 compares the distanc- 
es up to the detected boundary edges on the line A-A 
and the line B-B from the target image I^q whereby it Is 
judged whether the differences of both of the distance 
are within permissible limits or not, and is judged wheth- 
er the target q is at approximately center of both bound- 
aries of the pupil or not. Once it Is confirmed that the 
target i^o 's at approximately center of both boundaries 
of the pupil conceming both the line A-A and the line B- 
B, it is judged that no eye-fixation deviation is found. If 
a deviation is found at least in either case, it is judged 
that the eye-fixation is deviated, then the matter is dis- 
played on the TV monitor. Besides, whether the eye-fix- 
ation is deviated or not may be also judged based on 
the degree of deviation between the target image I^q and 
the center of pupil by obtaining the coordinates of the 
center of pupil based on the boundary edge of pupil. 

Also, the suitability judgement for condition of the 
eyelid-opening may be performed by fetching the signal 
on line B-B in Y-axis direction in the same way as the 
suitability judgement for eye-fixation deviation and then 
using the difference between the light volume levels, 
without using the detected condition of the target image. 
That is, as shown in Fig. 9(b), in the case that the width 
of the iris does not secured more than the necessary 
area of measurement, it is judged that the condition of 
eyelid -opening is insufficient based on the light volume 
signal of Y-axis direction. 

If no problems are found concerning the condition 
of eyelid-opening and the eye-fixation deviation, and at 
the same time, the target image i^Q is within the first per- 
missible limits, the control circuit 70 sends the measure- 
ment starting signal automatically with defining that the 
measurement starting requirements are satisfied, there- 
by the measurement caused by the measurement sys- 



tem 80 Is executed (it is also allowed that the completion 
of alignment may be displayed on the TV monitor, or 
sounds may Inform the matter of the examiner, thereby 
the examiner presses the measurement starting switch 

5 84, then the measurement is executed). 

In above-mentioned preferred embodiment, the 
movement of the measurement part 4 is controlled from 
three directions of XYZ, it may be controlled from only 
XY directions, or in the case that it is controlled by the 

JO manual operation using the joystick 5 of the examiner, 
guidance may be performed by displaying an allow post 
or the Indicating marks decided in advance or the like 
which are used for informing the movement direction of 
the examiner on the TV monitor. Also, it may be allowed 

'5 that the examiner select the alignment control for the 
apparatus. 

Still, in above-mentioned preferred embodiment, 
the target images which are projected onto the peripheiy 
of comea of the eye to be examined is decided four. 

20 however, if at least two target images are projected, the 
alignment condition can be judged. The target images 
which are projected may be allowed more than four 

Besides, in above-mentioned guidance method for 
the measurement part 4, the target image \^\^ specified 

^5 based on the positional relationships of the target imag- 
es, therefore there is some possibility of specifying the 
other target image or disturbance light as the target im- 
age i-jo due to the disturbance light. In this case, since 
guidance of the measurement part 4 comes to be un- 

30 stable, even if it is specified as the target image i^o* un- 
less the target image does not exist within the predeter- 
mined range with the center at the standard position on 
the CCD camera 1 6 (within the range corresponding to 
the diameter of the nozzle 9), it is made so as not to 

35 move. Thereby the incorrect action of the automatic 
alignment is prevented. 

[The second preferred embodiment] 

40 Referring to the first preferred embodiment, in the 
case that the target image is one from among five all 
and in the case that the target images are two from 
among five all. unless the target image cannot be spec- 
ified, the measurement part 4 is guided to the directbn 

45 where other target images can be detected, however, 
referring to this way. the measurement part 4 does not 
move so that the center axis of the measurement part 4 
can coincide with the cornea center, therefore the meas- 
urement part 4 does not necessarily move to the direc- 

50 tion where the target image i^o corresponding to the 
center position of the cornea can be detected. There- 
fore, in the case that the fluctuations in number of the 
target detection due to the condition of the eyelid-open- 
ing and a blink of the eye to be examined, or in the case 

55 that light bundle of the target i^ is interrupted by the noz- 
zle 9, the guidance of the measurement part 4 comes 
to be unstable, therefore in some cases, it takes much 
time for alignment. In this case, if the guidance method 
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as following is adopted, the Incorrect action of alignment 
can be deteriorated. 

<in the case that the target image is one from among 
five all> 

Only in the case that the detected target image is 
specified as the target image i^o. the measurement part 
4 is made to move, in the case that it is not specified as 
the target image i^Q. the measurement part 4 is made 
not to move. When the detected target image satisfies 
the next requirements, the target image is specified as 
the target image i^o- 

Q)The detected target image exists within the pre- 
determined range (for example, within a size corre- 
sponding to the diameter of the nozzle 9) with the 
center at the standard position. 
©Further, the deviation of Z direction is within the 
predetermined range relative to the appropriate 
working distance (the image of the target Ig due to 
the distance target projecting optical system 50 can 
be detected by the one-dimensional detecting ele- 
ment 63 and the deviation thereof is within the pre- 
determined range). 

<ln the case that the target images are two from among 
five all> 

Even if the target Innages are two. it comes to be 
specified that which target among the target innages 
causes the target images according to relationships 
thereof by modifying the optical system which forms the 
target image. For example, the arrangement for the sec- 
ond alignment target projecting optical system 7 is de- 
sired as following, that is. in Fig. 5. the width b of the 
target images \^ and 130 is desired so as to be smaller 
than the width c of target images and \^ (but so as 
not to be a half of the width c). Thereby it is specified 
that which targets causes the target images by observ- 
ing the coordinates position of the two target images 
which can be detected, as following. 

[A] In the case that the difference of the X coordi- 
nates between the first target image and the second 
target image is small (not more than the width b) 
and that the difference of the Y coordinates between 
the first target image and the second target image 
is large (approximately width 2a) : As shown in Fig. 
10A(a) and (b), there are two cases, the one is the 
combination of the target images igo and and the 
other Is the combination of the target images 130 and 
igQ. Further, these two cases are distinguished as 
following. 

(3) In the case of the X coordinates of the first 
one > the X coordinates of the second one : It 
can be judged as \^ and isQ- 
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©In the case of the X coordinates of the first 
one < the X coordinates of the second one : It 
can be judged as i2o and 140* 



[B] In the case that the difference of Y coordinates 
between the first target image and the second target 
image is approximately the same : As shown in Fig. 
10B(a) and (b). there are two cases, the one is the 
combination of the target images igo and i3Q and the 
other is the combination of the target images \^ and 
isQ. Further, these two cases are distinguished as 
following. 

Q) In the case of the difference of X coordinates 
between the first one and the second one ^ the 
width 2b : It can be judged as igo and igQ. 
©In the case of the difference of X coordinates 
between the first one and the second one > the 
width 2b : It can be judged as 140 and IgQ. 

[C] In the case that the difference of Y coordinates 
of the first target image and the second target image 
is approximately a and that only the first target im- 
age is within the predetermined range relative to the 
standard position (center optical axis) as the 
center : As shown in Fig. 10C(a) and (b), there are 
two cases, the one is the combination of the target 
images i^o and 140 and the other is the combination 
of the target Images i^o and I5Q, in either case, the 
first one is specified as the target image I^q. 

[D] In the case that the difference of the Y coordi- 
nates between the first target image and the second 
target image is approximately a and that only the 
second target image is within the predetermined 
range relative to the standard position (center opti- 
cal axis) as the center : As shown in Fig. 1 0D(a) and 
(b), there are two cases, the one is the combination 
of the target images i^o and Igo and the other is the 
combination of the target Images I^q and 130, in ei- 
ther case, the second one is specified as the target 
image \^q, 

[E] In the case that the difference of the X coordi- 
nates between the first target image and the second 
target Image is not approximately the same, and 
tliat the difference of the Y coordinates between the 
first target image and the second target image is 
large (approximately 2a) : As shown In Fig. 10E(a) 
and (b), there are two cases, the one is the combi- 
nation of the target images igo and igo and the other 
is the combination of the target images and 140. 

Next, the guidance method based on the pattern of 
the target image specified as described above and the 
positional relationships thereof for the measurement 
part 4 will be described. 

Firstly, in the case of the pattern by which the target 
image i^ q >s specified as described above-mentioned [C] 
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and [D], the measurement part 4 Is guided based on this 
matter. 

In the case of the pattern by which the target Image 
liQ cannot be specified, the XY coordinates of the cornea 
center is inferred from the two target images, then the s 
measurement part 4 is guided based on the position of 
the coordinates. For example, the Y coordinates of the 
cornea center at the time when the target Images I30 and 
I5Q are specified as described above-mentioned [AjOis 
found as (Y1 + Y2)/2J. While, if the target image is 10 
considered as a standard, the X coordinates is found as 
XI + bJ by adding the width b to XI of theXcoordinates 
thereof briefly. However, the value tends to be Incorrect 
due to the individual-difference of the cornea size. The 
position of coordinates of respective target images var- is 
ies in proportion to the size variation of cornea curvature 
generally. This relationships is utilized for finding the X 
coordinates, therefore in stead of width b, the value 
found by multiplying the Y-coordinates interval between 
the target Images 130 and 150 by a constant a Is added 20 
to the X1 which is the X coordinates of the target image 
iao (or is added to the X2 which is the X coordinates of 
the target image igo). That Is, the X coordinates in this 
case can be defined as XI + (Y2 - Y1) x a J. In this 
way, the coordinates of center position of comea with 2S 
higher accuracy can be Inferred compared with the case 
of just adding a constant. Besides, a constant a is de- 
sired in advance according to the arrangement relation- 
ships between the target projecting system and the de- 
tecting system. 30 

As the same way, the XY coordinates of center po- 
sition of cornea at the time when the target images i2o 
and 140 are specified are (XI - (Y2 - Y1 ) X a, (Y1 + Y2) 
/2). 

Also, based on the same idea, the XY coordinates 3S 
of the cornea center at the time when they are specified 
as the target Images iao and I30 of [B](i)are ((XI + X2)/ 
2, Y1 + (ixi- X2I) X p ). The XY coordinates of the cor- 
nea center at the time when they are specified as the 
target images 140 and \qq of [B](2)are ((XI + X2)/2, Y1 - 40 
(1X1 - X2I) X Y ). Where the constants p and y are also 
desired in advance. 

As above-mentioned [E], the XY coordinates of the 
comea center at the time when the combination of target 
images and \^ and the combination of target Images ^ 
iao and I40 are specified as ((XI + X2)/2, (Y1 + Y2)/2). 

As described above, under the condition that the 
target images which can be detected are only two, in the 
case that It Is judged as the target image I^q. >t is used 
as standard, or in the case that the target Image can- so 
not be specified, if the measurement part 4 is guided 
based on the center position of cornea found by using 
the two target images, the measurement part 4 always 
comes to move so as to cause the center axis of the 
measurement part 4 to coincide with the cornea center ss 
Thereby the guidance of the measurement part 4 is 
made to be stable. 



[The third preferred embodiment] 

Referring to the first preferred embodiment (includ- 
ing the second preferred embodiment), the suitability of 
the alignment in XY direction Is judged by detecting the 
target Image finally. If the condition of the comea sur- 
face is fine, the reflecting light of the alignment target 
from the cornea center has sufficient brightness and 
size, therefore the detection of the target image I^q is 
relatively easy. However, in the case that the comea sur- 
face is deformed for some reason or other such as an 
eye disease patient caught by a laceration of the comea 
surface, a dry eye, lOL inserted-eye, and a postopera- 
tive glaucoma, even if the alignment has been complet- 
ed originally, the reflecting light (the target image i^o) of 
the alignment target from the cornea center is not often 
obtained with sufficient brightness and size. In this case, 
referring to the detection method by the first and second 
preferred embodiments, sometimes the judgement of 
alignment in XY direction cannot be performed. Partic- 
ularly, referring to such establishment that the measure- 
ment is started automatically based on the detection of 
the completed condition of alignment, it is far from easy 
to start measurement. 

The alignment operation in such case will be de- 
scribed based on the flowchart shown in Fig. 11. The 
apparatus detects the center position of cornea based 
on the number and position of the target image, then 
makes the measurement part 4 based on the position 
move so that the comea center enters the second per- 
missible limits (same as the first preferred embodiment). 
If the reflecting light of the target from the cornea center 
is not less than a standard light volume level, it Is de- 
tected as the target Image i^o, however, if it is below a 
standard light volume level, the alignment of the XY di- 
rection is judged based on whether the distribution of 
light volume In the predetermined area with the center 
at the standard position on the CCD camera 16 is under 
the expected condition or not. This judgement is per- 
formed in a manner that, for example, as shown in Fig. 
12, firstly, the first area 100 for judging the light volume 
distribution (same area as the first alignment permissi- 
ble limits as above-mentioned) and the second area 1 01 
for judging the light volume distribution which is wider 
than the first area 100 (smaller area than above-men- 
tioned second permissible limits) are desired, then the 
light volume distribution of the first area 100 and that of 
the second area 101 are obsen/ed. Once the light vol- 
ume which satisfies the degree enough to judge that it 
is the reflecting light of alignment target is obtained in 
the second area 101, at the same time, once the light 
volume not less than the predetermined level is obtained 
in the first area 100, it can be judged that the reflecting 
Image of the alignment target exists with the center at 
the standard position on the CCD camera 16. That is, It 
Is judged whether the condition of the alignment in the 
XY direction has been completed or not. In the case that 
the alignment has not been completed, the matter that 
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auto alignment is not perfonmed is infonned of the ex- 
aminer by displaying 'NO SEARCHING" on the TV mon- 
itor 17. The examiner makes the measurement part 4 
move by operating the joystick 5 with observing the re- 
flecting image of the alignment target which is displayed s 
on the TV monitor 17. 

Once it is judged that the alignment of XY directions 
has been completed based on the light volume distribu- 
tion from the predetermined area with the center at the 
standard point, the apparatus judges the suitability of io 
the Z direction, as a result, if there is deviation, the 
measurement part 4 is made to move to the Z direction 
whereby the measurement is performed automatically 
by causing the alignment of the Z direction to be com- 
pleted. The detection of the Z direction, even if the part is 
around the cornea center is deformed, the detection can 
be performed easily by projecting the target light bundle 
onto the whole of the cornea and then by detecting the 
reflecting light bundle thereof without being affected by 
the change of the cornea surface condition. 20 

Further, in the case that the apparatus cannot judge 
the alignment completion of the XY directions, the 
measurement is executed by pressing the measure- 
ment switch 84 based on the examiner's judgement. 

Besides, In the case that the reflecting light of the 2S 
alignment target from the cornea center is weak, the de- 
tecting condition such that the standard light volume lev- 
els which is just used for judging the target image is 
made to be lowered, or the like may be changed. 

The present invention may be embodied in other so 
specific forms without departing from the spirit or essen- 
tial characteristics thereof. 

The foregoing description of the preferred embodi- 
ments of the invention has been presented for purposes 
of illustration and description. It is not intended to be ex- 3S 
haustive or to limit the invention to the precise form dis- 
closed, and modifications and variatksns are possible In 
the light of the above teachings or may be acquired from 
practice of the invention. The embodiments chosen and 
described in order to explain the principles of the inven- 40 
tion and its practical application to enable one skilled in 
the art to utilize the invention In various embodiments 
and with various modifications are suited to the particu- 
lar use contemplated. It is intended that the scope of the 
invention be defined by the claims appended hereto, 
and their equivalents. 

Claims 

50 

1. An ophthalmic apparatus having measurement 
means for inspection or measurement, and bringing 
said measurement means into the predetermined 
positional relationships relative to an eye to be ex- 
amined, comprising: ss 

moving means for moving said measurement 
means relatively to the eye to be examined; 



alignment target projecting optical system for 
projecting plural alignment targets onto the pe- 
riphery of comea of the eye to be examined; 
alignment target detecting optical system for 
detecting target images which are formed by 
projecting said alignment targets; 
judging means for judging the alignment condi- 
tion in vertical and lateral direction based on the 
number and positional relationships of target 
images which are detected; 
instruction means for instructing said moving 
means to move based on the result judged by 
said judging means. 

2. An ophthalmic apparatus according to claim 1, 
wherein said instruction means includes control 
means for giving a driving signal to said moving 
means. 

3. An ophthalmic apparatus according to claim 1, 
wherein said judging means includes calculating 
means for obtaining the position at which the central 
axis of said measurement means should be posi- 
tioned relative to the eye to be examined based on 
the number and positional relationships of target im- 
ages; 

alignment permissible limits desiring means 
having the first alignment permissible limits and 
the second alignment permissible limits whteh 
is set wider than said first alignment permissi- 
ble limits; and 

wherein said instruction means includes control 
means for giving a driving signal to said moving 
means, whereby the moving velocity entering 
into said second alignment permissible limits is 
controlled so as to be faster than the moving 
velocity entering into said first alignment per- 
missible limits by said control means. 

4. An ophthalmic apparatus according to claim 1, 
wherein sak:t alignment target projecting optical 
system includes the first alignment target projecting 
optical system for projecting a target from an optical 
axis direction of said alignment target detecting op- 
tical system to the cornea center of the eye to be 
examined, and the second alignment target project- 
ing optical system for projecting the plural targets 
from an oblique direction of the eye to be examined 
to the periphery of cornea. 

5. An ophthalmic apparatus according to claim 4, 
wherein said second alignment target projecting op- 
tical system projects at least two targets from an ob- 
lique direction of the eye to be examined to the pe- 
riphery of comea. 

6. An ophthalmic apparatus according to claim 1 , f ur- 
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ther comprising: 

photographing means for photographing an im- 
age for observing an anterior part of the eye to 
be examined; s 
displaying means for displaying the image pho- 
tographed by said photographing means; and 
wherein said moving means includes the first 
moving means for moving said measurement 
means by manual operation by an examiner 
and the second moving means which is control- 
led electrically. 

7. An ophthalmic apparatus according to claim 1 , fur- 
ther comprising: is 

photographing means for photographing an im- 
age for observing an anterior part of the eye to 

be examined; 

displaying means for displaying the image 20 
which is photographed by said photographing 
means; 

wherein said moving means includes manual 
moving means for moving said measurement 
means by manual operation by an examiner, 25 
and wherein said instruction means includes 
moving direction displaying means for display- 
ing the moving direction of said manual moving 
means. 

30 

8. An ophthalmic apparatus according to claim 1 , fur- 
ther comprising: 

working distance target projecting optical sys- 
tem for projecting a target for detecting working 3$ 
distance; 

working distance target detecting optical sys- 
tem for detecting said working distance target; 
working distance judging means for judging the 
suitability of alignment condition of working dis- 40 
tance based on said detected result; 
eyelid-opening sensing means for sensing 
whether an eyelid exists within the predeter- 
mined limits at the time when alignment has 
been completed; and 45 
measurement starting-signal generating 
means for generating a measurement starting- 
signal for making said measurement means go 
into run at the time when condition of eyelid- 
opening is judged sufficient by said eyelid- so 
opening sensing means. 

9. An ophthalmic apparatus according to claim 8, 
wherein said eyelid-opening sensing means in- 
cludes eyelid-opening target projecting optical sys- ss 
tern for projecting target for detecting the eyelid- 
opening onto the periphery of cornea of the eye to 

be examined, and eyelid-opening target detecting 
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optical system for detecting a target image which is 
fomied by projecting said eyelid-opening target. 

10. An ophthalmic apparatus according to claim 9, 
wherein said eyelid-opening target projecting opti- 
cal system is shared with said alignment target pro- 
jecting optical system. 

11. An ophthalmic apparatus according to claim 8, 
wherein said alignment target detecting optical sys- 
tem is photographing means for photographing an 
anterior part of the eye to be examined, and the ap- 
paratus further comprising: 

pupil sensing means for sensing the boundary 
of pupil of the eye to be examined by process- 
ing a signal transmitted from said photograph- 
ing means; 

eye-fixation judging means forjudging the suit- 
ability of condition of eye-fixation of the eye to 
be examined based on the result detected by 
said pupil sensing means and said alignment 
target detecting optical system. 

12. An ophthalmic apparatus according to claim 1 , fur- 
ther comprising: 

calculating means for correcting the differ- 
ence of cornea curvature based on inten^als of tar- 
get images which are detected. 

13. An ophthalmic apparatus according to claim 1, 
wherein said alignment target projecting optical 
system includes the first alignment target projecting 
optical system for projecting the first alignment tar- 
get from the direction of optical axis of said align- 
ment target detecting optical system to the cornea 
center of the eye to be examined, and the second 
alignment target projecting optical system for pro- 
jecting the plural second alignment targets from an 
oblique direction of the eye to be examined to the 
periphery of cornea, and 

wherein said judging means further judges 
the suitability of alignment based on distribution 
condition of light volume of said first alignment tar- 
get detected by said alignment target detecting op- 
tical system. 

14. An ophthalmic apparatus according to claim 13, 
wherein said judging means judges whether said 
first alignment target is detected within a level of the 
predetermined standard light volume In the prede- 
termined area by said alignment target detecting 
optical system, then in the case that said first align- 
ment target is not detected within a level of the pre- 
determined standard light volume in the predeter- 
mined area, said judging means judges the suita- 
bility of alignment based on said distribution condi- 
tion of light volume. 
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15. An ophthalmic apparatus comprising: 

moving means for moving measurement part 
relatively to the eye to be examined; 
first alignment target projecting optical system s 
for projecting the first alignment target to the 
cornea center of the eye to be examined; 
second alignment target projecting optical sys- 
tem for projecting the plural second alignment 
targets to the periphery of cornea of the eye to io 
be examined; 

alignment target detecting optical system for 
detecting target images which are formed by 
projecting targets by said first and second 
alignment target projecting optical systems; is 
judging means for judging the alignment condi- 
tbn in vertical and horizontal direction based 
on the number and positional relationships of 
target images detected by said alignment target 
detecting optical system; and 20 
instruction means for instructing said moving 
means to move based on the result judged by 
said judging means. 

1 6. An ophthalmic apparatus according to claim 1 5, fur- 
ther comprising: 

working distance target projecting optical sys- 
tem for projecting a target for detecting working 
distance; 30 
working distance target detecting optical sys- 
tem for detecting said working distance target; 
and 

working distance judging means for judging the 
suitability of alignment condition of working dis- 3S 
tance based on said detected result 

17. An ophthalmic apparatus according to claim 15, 
wherein said second alignment target projecting op- 
tica! system includes eyelid-opening target project- 40 
ing optical system for projecting target for use in de- 
tecting the eyelid-opening onto the periphery of cor- 
nea of the eye to be examined, and wherein said 
alignment target detecting optical system includes 
eyelid-opening target detecting optical system for 45 
detecting target images which are formed by pro- 
jecting said eyelid-opening target by said eyelid- 
opening target projecting optical system, and fur- 
ther comprising: 

measurement starting-signal generating so 
means for generating a measurement starting-sig- 
nal for making said measuring part go into run at 
the time when condition of eyelid-opening is judged 
sufficient based on the result detected by said eye- 
lid-opening target detecting optical system. ss 

18. An ophthalmic apparatus according to claim 17, fur- 
ther comprising: 



pupil sensing means for sensing the boundary 
of pupil of the eye to be examined by process- 
ing a signal transmitted from said alignment tar- 
get detecting optical system; and 
eye-fixation judging means for judging the suit- 
ability of condition of eye-fixation of the eye to 
be examined based on the result detected by 
said pupil sensing means and said alignment 
target detecting optical system. 

19. An ophthalmic apparatus according to claim 15, 
wherein said judging means further judges the suit- 
ability of alignment based on the distribution condi- 
tion of light volume of said first alignment target de- 
tected by said alignment target detecting optical 
system. 

20. An ophthalmic apparatus according to claim 15, 
wherein said judging means judges whether said 
first alignment target is detected within a level of the 
predetermined standard light volume in the prede- 
termined area by said alignment target detecting 
optical system, then, in the case that said first align- 
ment target is not detected within a level of the pre- 
determined standard light volume in the predeter- 
mined area, said judging means judges the suita- 
bility of alignment based on said distribution condi- 
tion of light volume of the first alignment target. 

21. Ophthalmic apparatus having a sensing unit for 
measurement or inspection of an eye of a patient, 
means for adjusting the position of the sensing unit 
relative to a base part of the apparatus, an align- 
ment target projector for projecting a plurality of 
alignment targets onto the cornea of the eye at po- 
sitions spaced from the centre of the cornea, an 
alignment target detector for detecting target imag- 
es formed by the target projector, alignment deter- 
mining means for determining alignment of the 
sensing unit relative to the cornea in accordance 
with the number and positional relationships of the 
detected target images, an actuator responsive to 
the alignment determining means for actuating the 
adjusting means to adjust the position of the sens- 
ing unit according to the determined alignment to 
achieve a required alignment condition. 
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